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Combustion is one of the possible biomass uses, resulting in the production of heat utilisable for the household heating, heating of industrial and agricultural structures, and as processing heat. Th e products of combustion are combustion gases, solid combustion products, and heat.
Th e goal of this paper is to determine the proportions of combustible matter and ash in the dry mass and the higher heating value of several materials produced in agriculture and landscape design that could be used as biofuels utilised in energy production by their direct combustion.
Th e dry mass of solid fuels consists of ash and combustible matter. Th e energy content of a fuel is not characterised by the content of combustible matter in that fuel because each fuel has a diff erent higher heating value depending on its chemical composition. Th e amount of ash produced by combustion of a certain type of fuel can be estimated by means of the known composition of the dry mass of this fuel.
MATERIAL AND METHODS
Fuel samples that were subjected to analysis (wheat screenings, hay, cane, Japanese knotweed, and poppy screenings) belong to a wide group of the agricultural waste biomass and biomass obtained from the landscape maintenance. Th e other examined sample was wheat not used for feeding purposes.
Measuring of moisture and percentages of combustible matter, and ash. A muffl e furnace Nabetherm L9/11 /SW (Nabertherm GmbH, Lilienthal, Germany) ( Fig. 1 ) with the heating device S61 power of 3.0 kW was used in the measuring of moisture, combustible matter, and ash contents. Th e muffl e furnace was equipped with a Controller P 320 (Nabertherm GmbH, Lilienthal, Germany) control unit and digital scales Kern EW 420-3NM (Kern & Sohn GmBb, Balingen, Germany) with the accuracy of ±0.001 g. Th e furnace enables the heating of the samples examined up to 1,100°C while recording the weight of the sample.
Moisture is measured in accordance with the standard STN 44 1377 STN 44 (1978 . Th e sample is heated up to a temperature of 105-110°C and is dried until the diff erence between the subsequently measured weights (measurements are made in 30 min intervals) is less than 0.1% of the sample weight determined in the previous measurement.
Th e ash content was determined according to the standard STN ISO 1171 . Th e samples were annealed at the temperature of 815°C.
Th e combustible content can be either established from the gravimetric analysis or calculated using the known values of humidity and ash contents.
Th e sample of the analysed fuel kept in a ceramic bowl was placed in the muffl e furnace. Th e temperatures and time periods of the application (Fig. 2 , Table 1) were adjusted on the control unit.
Th e moisture, ash, and combustible matter contents in the original samples of the examined fuels were determined according to the following equations: -moisture content:
-ash content:
-combustible content:
where:
For better comparability of the fuels, ash and combustible matter contents in the dry mass of the individual fuels were calculated using the gathered results: -ash content in dry mass:
-combustible matter content in dry mass:
where: m 4 -weight of combustible matter (g) Estimation of higher heating value. Th e higher heating value is estimated by the combustion of a small fuel sample in the calorimeter in accordance with the standard STN ISO 1928 . Th e higher 
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heating value was determined on the basis of heating the water into which the pressure tank of the calorimeter with the fuel sample was immersed. Th e calorimeter is characterised by its heat capacity, that is, the amount of heat that must be provided in order to increase the temperature of the system (pressure tank, calorimetric bucket, stirrer, thermometer, and water) by 1°C.
An isoperibolic calorimeter IKA C200 (IKA®-Werke GmbH & Co. KG, Staufen, Germany) (Fig. 3 ) was used to determine the higher heating value. Th e temperature of water in the casing must be adjusted to the temperature of the room (±0.5°C) before the measurements. After the preparation of the sample weighing 0.8-1.5 g, the temperature is recorded every 60 s until reaching the max. value and then for another fi ve min. of the fi nal stage.
Th e characteristic course of a temperature change is shown in Fig. 4 . Th e course of temperature before ignition is called the initial stage, the course of temperature during combustion and temperature adjustment is called the main stage, and the course of temperature past max. is called the fi nal stage.
Th e higher heating value Q a s of a sample is calculated from the equation:
where: C -heat capacity of the system (J/°C) D t -total increase of temperature during the main stage (°C) K -correction covering heat exchange with surroundings (°C) c -sum of corrections (J) m -weight of sample (g) Correction K is calculated from the equation:
where: d H -average temperature change/min in the initial stage (°C/min) d K -average temperature change/min in the fi nal stage (°C/min) n -time of the main stage (min) Th e sum of corrections is the sum of the types of heat that cause an increase in temperature in the calorimeter besides the heat released by the sample combustion. Th is includes the heat released by combustion of the iron wire, calorimetric paper or fastening stitch used, as well as the heat released by nitric acid and sulphuric acid generation. For this reason, all supplementary combustible materials must be accurately weighed before the measurements and their weights or weight losses (iron wire does not have to burn completely) is to be multiplied by their combustion heat in the corrections calculation.
RESULTS AND DISCUSSION

Measuring of moisture, percentage of combustible matter, and ash
Th e weights of the examined samples determined by the gravimetric analysis are presented in Table 2 . Th e processed results of the gravimetric analysis of the samples are presented in Table 3 .
Th e gravimetric analysis has shown that the moisture contents, of the materials examined were relatively low, with the highest one being 9.17%; these 
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materials were not modifi ed in any way before the analysis and were stored in regular atmospheric conditions. Th e results show that poppy screenings had the lowest combustible matter content (87.57%) while wheat grain had the highest one (97.76%).
In comparison with spruce chip pellets with 3.02% ash content (Malaák, Vaculík 2008) , a lower ash content was observed in wheat grain and Japanese knotweed. Th is topic was dealt with by other authors as well, for instance, Pepich (2009) states that Japanese knotweed contains 4.1% of ash and wheat grain contains 1.6% of ash. Th e same amount of ash in wheat grain was observed by Maga et al. (2008) . Th ese values are comparable to the results obtained in this research. Th e combustible matter content in all of the examined materials, except for poppy screenings, is comparable to that in beech chip, which contains 95.41% of combustible matter in its dry mass (Kažimírová et al. 2011 ).
Estimation of higher heating value
Th e ca lculation of the higher heating value of the selected types of biomass was based on the observed values, gathered from the combustion of samples in the calorimeter. Th e calculated results are presented in Table 4 .
Higher heating values of the examined fuel samples varied from 14,996 to 17,641 kJ/kg. Th e lowest higher heating value was observed in poppy screenings and the highest one in Japanese knotweed. Higher heating values of the analysed materials are comparable to those of other types of biomass which are used for energy production; for instance, the higher heating value of poplar is 17,556 kJ/kg (Brestovi 2006) .
CONCLUSION
Th e aim of the performed analyses resided in gathering the values of the selected attributes of several types of agricultural biomass, which can be obtained from the agricultural activity, agricultural produce processing, and pharmaceutical industry. According to the results of this research, the examined types of biomass are comparable in their attributes, to the biomass commonly used for energy production by means of direct combustion. Th e combustible matter content in the dry mass of the examined types of agri- Th e results of the measurements of higher heating values of the samples vary from 14,996 to 17,641 kJ/kg and suggest that all of the examined types of agricultural biomass can be used in energy production by direct combustion.
Th e benefi t of using agricultural biomass as a solid fuel resides in its energy value and a low amount of incombustible components. 
